The present investigation was carried out to study the physico-chemical characteristics of Manushmara river basin in different seasons (premonsoon, post monsoon, winter) during 2014-15 and 2015-16 
INTRODUCTION
Water is one of the most common and the most precious resources on earth without which there would be no life on the planet. However, the distribution of water resources on this planet is uneven and only 30% of global water is found in the continents & the rest is present in oceans.Even in this 30% of water found on the land, about three fourth is locked in icebergs and glaciers. So the sources of water available to the living beings are less than one percent in lakes, streams and ground. Most of the developing countries depend on surface water bodies as source of drinking water. Ground water is the subsurface water that occurs beneath the water table in soil and geologic formation that are fully saturated 1 . It is an increasingly important resource all over the world and supports drinking water supply in both urban and rural areas, livestock needs, irrigation, industrial and many commercial activities, 2 but now-a-days fresh ground water ecosystems are being polluted at faster rate by leaching of various pollutants from surface water bodies, so preservation of water bodies free from pollution is essential requirement for any country .
Industrialisation ,Urbanisation and modern agricultural practices have influeneed the water sources qualitatively and quantitatively. Humans produce bodily wastes that enter into river and pollute water. Industries discharge variety of pollutants in the waste water including heavy metals, organic toxins, oil nutrients & solids. Many of the substances are toxic or even carcinogenic. Pathogens can obviously produce water diseases in either human or animal hosts. These wastes also increase the concentration of suspended solids, bacteria & viruses growth leading to potential health impacts. Increases in nutrient load may lead to eutrophication, organic wastes increase the oxygen demand in water leading to oxygen reduction in water with potentially severe impacts on whole ecosystems. so analyses of the water quality and water chemistry of water bodies (rivers. Lakes, ponds, streams … etc)is needed as an index of health and well being of the society.
The area under present study is the basin of Manushmara river which originates from Nepal and enters in India at 26.78N latitude and 85.41E longitude , 42m above sea level.It passes (approx 150km)mainly through district Sitamarhi in North Bihar and drains into Bagmati river near Chandauli (Sitamarhi district, map enclosed, fig.1 
II. MATERIALS & EXPERIMENTAL METHODS

A. Sampling & Preservation
Water samples from following 13 different sites were collected in pre-monsoon, post-monsoon & winter seasons in 2014-2015 from the surface water of the river in pre-cleaned polythene bottle. All the samples were brought to the laboratory and stored at 4 o C temperature in refrigerator till the analysis was complete. 
III. PHYSICO-CHEMICAL ANALYSIS
IV. RESULTS & DISCUSSION
A. Colour, odour and Temperature
The colour is an important parameter in the assessment of water quality as it affects the transparency of water & quality of sunlight that penetrates to a given depth inhibiting plant and animal metabolism. Odour pollution of water is caused by both the chemical agents (like H 2 S, free Cl 2 , NH 3 , phenols, alcohols, esters, hydrocarbons etc.) and biological agents (like algae, fungi, micro-organism etc). So river water should be colourless and odourless and having temperature 20-30 o c for sustaining aquatic life.
In the present investigation, the water samples from S 5 to S 13 are muddy yellowish having smell, showing high organic load. However, temperature complies with standard except at S 5 where effluents drain into the river.
B. PH
Sewage waste and industrial effluents generally contains acids, alkalis, toxic metals, and other poisonous substances which collectively, or individually alters physico-chemical characteristics of medium. So the measurement of PH of water is considered as one of the tools in controlling and treatment of sewage waste and industrial effluents.
In the presence of very large quantities of organic matter, PH is normally low due to release of CO 2 . In the present investigation PH of all the sampling sites except S 5 was found to be more "7" ranging from 7.5-8.9, showing alkaline nature of water. Due to discharge of effluents at S 5 , the PH is in the vicinity of "6", which shows acidic nature of water sample, dangerous to aquatic life. In a pre-monsoon season the PH of all the water samples were found to be high that might be due high temperature that reduces the solubility of CO 2 .
C. Electrical Conductivity
Conductivity is the measure of capacity of a substance or solution to conduct electric current. The value of EC for all the investigated samples are higher than the prescribed limit implying the presence of high level of ionic species. However the measured values were found maximum in pre-monsoon ranging from 330 to 960 μs/cm and minimum in post-monsoon ranging (280-352 μs/cm) periods.
D. Total Dissolved Solids (TDS). Total Suspended Solids (TSS) & Total Solids (TS)
The amount of total solids consist of suspended (TSS) and filterable partials (TDS). The dissolved solids normally confer a degree of hardness. It comprises inorganic salts (mainly bicarbonates, Higher the TDS & TSS, higher is the value of total solids which reduces the water clarity, increases the water temperature, decreases the oxygen level due to less photosynthesis and solids can bind to toxic compounds and heavy metals.
The investigated samples from S 5 to S 13 have TS values are above the standard BIS limit (2100 ppm) due to presence of both organic and inorganic compounds. The values are found high in pre-monsoon (summer) and winter and lower in post-monsoon due to increase in dilution.
E. Turbidity
Turbidity in water mainly arises from colloidal matter, fine suspended particles, planktons, micro-organism & soil erosion. It is an expression of optical property of water which causes light to be scattered and absorbed rather than the transmitted. 
F. Total Hardness
The total hardness is mainly due to concentration of calcium and magnesium ions expressed in calcium carbonate. During summer, due to higher decomposition rate, the CO 2 is liberated, which prevents the dissociation of bicarbonates into carbonates, thus enhancing the total hardness of water. But the Fe 2+ & Zn 2+ also show some relation with hardness. The soap consuming power of hard water is lowered by these heavy metals & alkaline earth metals. The hard water is not suitable for domestic use in washing, cleaning & laundering.
In the present study the values of hardness (ranging from 89-356 ppm) of water samples are within the permissible limit of BIS (viz 1000 mg/l).
G. Dissolved Oxygen (DO)
Dissolved Oxygen is one of the most important parameter in the assessment of water quality since it reflects the physical and biological process prevailing in water. Low concentration of O 2 in water kills the aquatic life. The dissolved Oxygen decreases with increases in temperature and also by heavy contamination of organic matter. The decaying organic matter present in the effluent consumes more oxygen and reduce the DO content (Hynes, 1971) . So the analysis of D.O. plays a key role in water pollution control activities and waste-treatment process control.
In the present study the concentration of D.O. in S 8 to S 12 water samples in pre-monsoon season were found from 3.4 to 3.2 ppm, which were lower than the BIS recommended limit from 4 to 6 ppm, indicating high organic load. The situation was alarming from Dhankual (S 9 ) to Belsund (S 11 ) where the concentration of D.O were found below 3.0 ppm. In post-monsoon & winter season the concentration of D.O were found slightly increased in these sites due to addition of water & mixing of O 2 with water. In winter the O 2 holding capacity of water increases due to low water temperature. This is also supported by fact that no fishing activities was seen from Riga to Belsund while before Riga it is found regularly.
H. Biological Oxygen Demand
BOD represent the quality of O 2 required by bacteria and other micro-organism during the biochemical degradation and transformation of organic matter present in water bodies under aerobic conditions. The demand of O 2 in water is proportional to the amount of organic matter in it. So BOD is an important parameter, which shows the level of organic pollution in water body. Whenever, there is low DO content in water, normally high BOD is observed. Depending upon BOD load, retention time of waste in a treatment plant is determined/fixed. So, measurement of BOD is also useful in design and management of water treatment plants.
In the present investigation BOD of water samples S 5 to S 13 
I. Chemical Oxygen Demand (COD)
COD is the amount of O 2 required by the organic substances in water body to be oxidized by a strong chemical oxidant. Hence it is used as an important parameter, which shows the organic load of industrial & domestic waste in the water body. However in the process O 2 is also consumed in oxidizing some inorganic substances like sulphides, reduced metal ions, thiosulphates etc and some organic material like benzene, pyridine, & few other cyclic organic compounds are not oxidized. Yet, COD test measures oxygen requirement for the removal of chemically oxidizable organic matter present in the water body. Therefore like BDO it is also useful in design and management of water treatment plants.
In the present study COD of water samples from S 8 to S 13 , were found higher than the recommended BIS Standard (250 ppm) showing high organic load in water body. COD values were found higher in pre-monsoon (ranging from 309 to 508 ppm) and winter (285-411 ppm) seasons due to high pollution load & reduced water flow. The values are lower (205-258 ppm) in post-monsoon season due to dilution of water.
J. Chloride
The major contribution of chloride to water pollution is domestic sewage, industrial effluent and human wastes, High chloride content in water bodies harms metallic pipes and structures as well as agricultural crops.
In the present investigation chloride concentration was maximum in pre-monsoon season & found in the range 70-133 ppm, which was within the prescribed limit of BIS Standard & WHO. Due to increase in dilution its value was lower in postmonsoon and winter season.
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K. Sodium
The major source of sodium in water body is the weathering of various rocks, industrial wastes & domestic sewage. The sodium ion concentration in the present study varied seasonally and found maximum in pre-monsoon period due high pollution load & reduced water flow, which was 80 to 160 ppm. In post-monsoon & winter period, the values were found lower. However all these values were within the permissible limit of BIS.
L. Carbonates & Bicarbonates
Excess of inorganic pollutants like carbonates, bicarbonates of calcium & magnesium make the water hard & unsuitable for boilers.
In the present investigation bicarbonate & carbonate concentration was maximum in pre-monsoon season while minimum in winter. However the value was found increasing from S 4 to S 12 due to accumulation of effluents in pre-monsoon & winter season both, but the value was within the prescribed limit of WHO (500 ppm).
M. Heavy Metals
Beyond the tolerance limits, some of the heavy metals like Pb,Hg, As, Fe, Co, Ni, Cr, Zn, Mn, Cu, Cd etc have been identified as deleterious to aquatic ecosystem and human health. These elements are added in aquatic system from industrial process, domestic sewage discharge, street dust, land run off and fossil fuel burning. However the degree of toxicity depends upon the form in which they are present. For instance organomercury & organo-lead are much more poisonous than their inorganic forms. Similarly hexavalent chromium and iron are more toxic than its trivalent form. In the environment, microbial oxidation and reduction of metals contribute to the problem of toxicity by metals.
In the present study some of the water samples were analyzed for heavy metal contamination using AAS and the results are presented in table 03. All the heavy metals analyzed were found within the permissible limits of BIS Standard, except "Pb" at S 10 & S 11 , probably due to human activities.
CONCLUSION
On the basis of analysis report it seems that the pollution of river water starts from effluent discharging point, Riga (S 5 ) and it increases onwards. From Dhankaul (S 9 ) to Belsund (S 10 ) & Basaul bridge (S 11 ), all the physico-chemical parameter like TSS, TS, EC, BOD, COD, turbidity are found to be very high than the permissible limits prescribed by the Bureau of Indian Standards : 1981 and by WHO-1993 . In the pre-monsoon season, the DO is found to be in the vicinity of 3.0 ppm in these sites which is quite dangerous to aquatic life. All these findings indicate high organic load & the river is found to be highly polluted in these areas. Effluents of distillery discharge get accumulated in these areas due to reduced flow rate of water causing it polluted. Aquatic life is in danger, no fishing activity is visualized, river becomes the reservoir of aquatic weeds & water is unsafe for human use. Whenever river water overflows in rainy seasons, a huge area of paddy crops are being submersed, wilted through plasmolysis and destroyed. People in the adjoining areas are found affected by several diseases like Asthma, Tuberculosis, Skin disorders, Gastroenteritis, typhoid etc. Thus, some additional measures are needed by the sugar industry for environmental protection. This may be use of bio-tower which gives zero waste rather than conventional methods of effluent treatment.
